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The theoretical hub stresses calculated from Eq. (33.10), (33.12), or (33.13) are 
based on the elastic behavior and should be considered as apparent rather than ac¬ 
tual stresses. Generally, this situation persists in many areas of engineering analysis 
and should be reviewed continually with reference to practical design requirements. 
The numerical values of apparent stresses, interpreted as strains multiplied by the 
relevant moduli of elasticity, bear little relation to the actual material stresses and 
can be evaluated only with special regard to the stress-strain curve. The concept of 
apparent stresses is a very real one and is fully supported by practical experience. 
It is generally recognized that in many actual flange designs the calculated hub 
stresses are extremely high and yet the flanges are satisfactory. In such circum¬ 
stances, of course, the classical elastic formulas show limited validity and flange 
design by test is recommended [193]. Actually, such formulas are basically correct, 
but the relevant interpretation of the numerical results is misleading if the yield 
strength and the reserve of plastic strength in a flange, or other machine part, are 
ignored. This leads directly to the analysis in terms of the maximum allowable 
stresses—an engineering concept that is so often abused and misunderstood. 

That calculated apparent stress exceeds the proportional limit of a material 
does not necessarily mean that failure is imminent. Seemingly, engineers and de¬ 
signers have been inclined to think in terms of the vertical axis of a stress-strain 
diagram and have paid less attention to the problem of strain. It may be fitting 
then in many areas of design analysis to think in terms of the maximum allowable 
strain rather than in terms of stress. 

Along the same lines of reasoning, one should consider the problem of safety 
factors. A more conventional approach to flange design usually consists of three 
phases: (1) determination of gasket size and material (when applicable), (2) cal¬ 
culation of bolting required, and (3) design of flange proportions. Sizing is often 
based on the apparent stresses, so that heavy bolting and unnecessary thick flanges 
result. Specifically, regarding the level of hub stresses, it is advisable to recognize 
the existence of local yielding as long as there is a sufficient reserve of strength in 
the adjacent sections of the flange to take care of the increased loading placed upon 
these sections by the region of local yielding. 


PLASTIC CORRECTION 

To illustrate the problem of apparent stresses and to suggest an approximate plastic 
correction for interpreting calculated stresses higher than the yield strength of the 
material, consider Fig. 33.9. The stress-strain curve shown is typical of a low- 
strength ductile material, although the strain at yield, e y , has been exaggerated for 
the purpose of clarity. Hence, the slope of the curve below the proportional limit 
in Fig. 33.9 should not be used for direct numerical evaluation of the modulus of 
elasticity. The values of stresses and strains in Fig. 33.9 are merely to indicate that 
the material characteristics discussed are close to those found in low-carbon steel, 
aluminum alloy, or other materials that may behave similarly. 

Let us first assume that the stress-strain diagram has been established exper¬ 
imentally and that the curve obtained can be approximated by the two straight 
lines from zero to the yield point and from the yield region to the highest point on 
the curve, as shown by the line x-x. Let the corresponding elastic moduli be E and 



